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Background: Safety conﬁrmation has led to calls for laparoscopic cholecystectomy (LC) to prevail in
elderly patients, but the functional changes after LC have not been sufﬁciently compared with open
cholecystectomy (OC). Using an administrative database, we reassessed the quality of cholecystectomy
approach and timing of cholecystectomy for elderly patients with cholecystitis.
Methods: A total of 2552 patients aged 60 years who underwent cholecystectomy for cholecystitis were
enrolled. Variables included demographics, comorbidities, complications, preoperative bile duct scrutiny,
cholecystectomy timing (<48, 48e96, >96 h), functional status estimated by the Barthel index, teaching
status, postoperative length of stay (LOS) and total charges (TC). The impacts of age, OC and timing on
LOS, TC, complications and functional changes were assessed by mixed linear regression analyses using
propensity score-matched cohorts for LC and OC.
Results: The patients comprised 1742 LC and 810 OC patients across 122 hospitals. The mean ages and
octogenarian proportions were 70.1 years and 10.6% for LC and 72.9 years and 20.5% for OC. Advancing
age, males and acute inﬂammation were more frequently associated with OC. Longer LOS, higher TC and
more complications were observed for OC. Age was a predictor of functional changes but not compli-
cations. Octogenarians and complications were associated with longer LOS, higher TC and more func-
tional deterioration. Earlier cholecystectomy was only associated with lower TC.
Conclusions: Octogenarians were likely to have OC and functional deterioration. Since OC was a predictor
of resource use and complications, strategies to complete earlier LC and prevent complications are
required for octogenarians.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Many community-based and randomized control studies from
single to multiple institutes have been conducted on laparoscopic
cholecystectomy (LC), which has gained a reputation for greater
safety and efﬁcacy compared with conventional open cholecys-
tectomy (OC).1e5 LC has been examined for older patients with any
cholecystitis and conﬁrmed to be feasible and effective because of
its fewer complications and lower mortality.6e10: þ81 92 642 6961.
bara).
ciates Ltd. Published by Elsevier LtHowever, older patients are more likely to suffer from impair-
ment of the residual organ physiologic function owing to greater
comorbidities and the effects of aging. In this aging generation, LC is
expected to increase. Furthermore, other care-related outcomes
may require evaluation, since minimally invasive surgical
approaches, such as laparoscopic surgeries, are expected to allow
the elderly to achieve a rapid return to their baseline functional
status, and health-related quality of life is deemed to be an
important outcome, especially in the elderly.11 The elderly are also
prone to have complicated gallbladder conditions such as acute
cholecystitis or common bile duct stones and to have risk factors for
conversion of LC to OC.6e10 These observations have led to calls ford. All rights reserved.
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strategies and provide laparoscopic skill education in this laparo-
scopic era.12e14
These complicated physical and clinical conditions have required
the attending physician to perform scrutiny of the common bile
duct, such as endoscopic retrograde pancreaticocholangiography
(ERCP), or bile duct interventions including percutaneous gall-
bladder drainage and stone removal from the common bile
duct.5,15e17 In turn, this invasive extra care may necessitate longer
hospitalization, adversely affect the activities of daily life and
worsen the physical function at discharge from acute care hospitals,
resulting in less cost-effective, although safe, treatment strategies.
Although the impacts of the timing of cholecystectomyon outcomes
and resource use have been evaluated in limited cases or random-
ized control studies, the functional outcomes for the elderly were
not reported in these studies.18e23 Concurrent consideration of the
effects of bile duct interventions on the accomplishment of OC or LC,
whichmay extend the hospitalization and result in greater resource
use, is imperative based on the requirement for broadening of the
indications for cholecystectomy.24
It is considered difﬁcult to plan these kinds of studies as
randomized control studies, and community-based studies should,
therefore, resolve these limitations as much as possible, after the
systematic differences in the procedure options for LC and OC have
been overcome.6e10, 25e27 This study aimed to determine the varia-
tion in LC, and to reassess the advantages of LC over OC for elderly
patients with cholecystitis and the appropriate timing of cholecys-
tectomy in terms of resource use, complications and functional
outcomesusingpropensity score pair-matchedcohorts for LCandOC.
2. Methods
2.1. Database
The Japanese administrative database was utilized to analyze patients with
cholecystitis receiving LC or OC at hospitals participating in our research project.
This database was originally developed under a case-mix project in 2002 by the
Ministry of Health, Labour and Welfare (MHLW) to reﬁne the Japanese case-mix
classiﬁcation system, and has been utilized to proﬁle hospital performance and
assess hospital payments across 1428 hospitals (84 academic hospitals and 1344
community hospitals) in 2008. Of these 1428 hospitals, 1006 hospitals including
a total of 8,010,361 patients are voluntarily participating in our research project to
develop and maintain this case-mix classiﬁcation in cooperation with clinical soci-
eties and theMHLW.We selected data for 13,709 cholecystectomy patients from 122
participating hospitals during a study period of 4 months from July to October for 5
consecutive years from 2004 to 2008. The hospitals involved are responsible for
delivering acute care, promoting medical research and educating students and
postgraduate trainees. The database contains discharge summaries including clin-
ical information such as the Barthel index and American Society of Anesthesiologists
(ASA) score, as well as claims data for each hospital containing information on the
quantity or date for all care provided. The data for this database are collected
annually between July 1 and December 31. Our research project was approved by the
Ethics Committee of the University of Occupational and Environmental Health
(Fukuoka, Japan).
2.2. Deﬁnitions of variables
The study variables included age, sex, mortality, use of an ambulance, principal
diagnosis, patient destination at discharge, presence of comorbidities, functional
disability at admission and discharge estimated by the Barthel index, ASA score,
cholecystectomy approach (LC or OC), cholecystectomy timing after admission (<48,
48e96 or >96 h), preoperative administration of ERCP and bile duct interventions
including percutaneous gallbladder drainage, endoscopic dilatation or sphincter-
otomy of the ampulla of Vater and stone removal from the common bile duct,
procedure-related complications and hospital teaching status.5,15e17,2125 Cases of
conversion from LC to OC were counted as OC. We examined the changes in the
Barthel index (deterioration, no change or improvement), operating room time
(min), postoperative length of stay (LOS; days) and postoperative total charges (TC;
US$1 ¼ 100 yen).
Patients were grouped into three age groups: 60e69, 70e79 and 80 years. The
diagnoses in the database were coded according to the International Statistical
Classiﬁcation of Diseases, 10th version (ICD10). The inﬂammation status wascategorized into acute or chronic/others as follows: acute inﬂammation (K800,
K803, K810 and K822); chronic or other speciﬁed inﬂammation (K801, K804,
K811e9, K820e1, K823 and K830e2). Patient destination was categorized as at
home or at other facilities. The latter indicated disabled patients representative of
the case-mix.
Up to four comorbidities per patient were recorded. To assess the severities of
chronic comorbid conditions, we used the Charlson comorbidity index (CCI).28
Furthermore, a maximum of four complications, deﬁned as unexpected events
after admission, were also recorded. Procedure-related complications were deﬁned
as any of the following ICD10 codes: complications (T81e7), bowel obstruction
(K650, K658e9, K660 and K913), peritonitis (K560, K562 and K565e7) and acute
pancreatitis (K85).29
The database contains the dates of the study procedures, and we calculated the
postoperative LOS or TC billed during admission, which act as proxies for the
postoperative in-hospital costs. Japanese charges for hospital care are determined by
a standardized fee-for-service payment system and are considered to be good
estimates of healthcare costs.30 The TC in this study included physician fees,
instrument costs, costs of laboratory or imaging tests and administration fees, which
were listed in a national uniform tariff table. The total operating room time was
obtained by summation of the times required for the anesthetic procedures, prep-
aration and positioning of video-images and operative time by surgeons. The Barthel
index scores at admission and discharge ranged from 0 to 100, and addressed 10
activities of daily life such as toiletry habits, walking and dietary intake.31 The
Barthel index improvement score was determined as the Barthel index at discharge
minus that at admission.32 Regarding hospital functions, we divided them into
community and academic hospitals.
2.3. Statistical analysis
Categorical variables were reported as the number and proportion by the
cholecystectomy approach and compared using Fisher’s exact test. Continuous
variables were compared between LC and OC by analysis of variance. To reduce the
selection bias, the propensity score of undergoing OCwasmeasured using amultiple
logistic regression model incorporating the following covariates for the three age
groups: sex, severity of inﬂammation, ASA score, CCI, Barthel index at admission, use
of preoperative ERCP and bile duct interventions and hospital teaching status.25e27
The calculated propensity scores were used to form pair-matched cohorts for LC and
OC. Operating room time, postoperative LOS and TC, Barthel index improvement
score, complications and Barthel index deterioration were compared between the
two groups. To remove the effects of practice variations or beliefs in all the study
hospitals, a mixed linear regression model was used to determine the effects of
cholecystectomy approach and timing on LOS, TC, operating room time and Barthel
index improvement score, in which every hospital was handled as a random
intercept. Multiple logistic regression models were used to identify the impacts of
cholecystectomy approach and timing on complications and Barthel index deteri-
oration. These statistical analyses were performed using SPSS 16.0. All reported
p-values were two-tailed, and the level of signiﬁcance was set at p < 0.05.
3. Results
Among the 13,709 cholecystectomy patients, 5136 patients aged
60 years were identiﬁed. Among these patients, there were 1742
LC and 810 OC patients for cholecystitis (including 1331 LC cases
from 87 community hospitals and 648 OC cases from 81 commu-
nity hospitals).
Themedianpatient agesdiffered signiﬁcantlybetweenLCandOC
(LC: 69 years vs. OC: 73 years). The proportion of octogenarians was
20.5% in OC and signiﬁcantly higher than the 10.6% in LC. Use of an
ambulance, destination of other facilities, acute cholecystitis, higher
CCI and preoperative bile duct interventions were frequently
encountered in OC, while the cholecystectomy timing was signiﬁ-
cantly earlier in LC. Complications and Barthel index deterioration
werehigher inOC. LCwas indicatedmoreoften in teachinghospitals.
The Barthel index scores at admission and discharge were lower in
OC, but the Barthel index improvement scorewas higher. Operating
room time, LOS and TC were greater in OC (Table 1).
Table 2 lists the study variables associated with the indications
for OC. Advancing age, being male, use of an ambulance, acute
cholecystitis, CCI 2 or 3 and teaching hospitals were signiﬁcant
predictors of OC.
Among the OC propensity score pair-matched cohorts, the
proportions of the ASA score, complications, change in Barthel
index and teaching status differed signiﬁcantly between LC and OC.
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operating room time, LOS and TC differed signiﬁcantly between LC
and OC (Table 3).
OC was a signiﬁcant predictor of longer postoperative LOS,
higher TC and longer operating room time, but not of a higher
Barthel index improvement score. Octogenarians had longer post-
operative LOS and higher TC. Cholecystectomy performed at
48e96 h was associated with longer postoperative LOS and oper-
ating room time compared with the other timings. The Barthel
index improvement scores did not differ signiﬁcantly among the
study categories of cholecystectomy timing (Table 4).
Acute cholecystitis and OC were associated with complications.
Cholecystectomy timing was not a predictor of complications or
Barthel index deterioration. Octogenarians and CCI of 4 were not
associated with complications. Octogenarians, CCI of 4 and
complications were signiﬁcantly associated with Barthel index
deterioration (Table 5).Table 1
Patient and hospital characteristics according to the cholecystectomy approach (n, %).
Patient number
Hospital number community, academic
Age Median [IQ]
60e69 years
70e79 years
80 - years
Sex
Male
Ambulance
Used
Outcome
Mortality
Destination
not at home
Severity
Acute
Chronic or others
Charlson comorbidity index
1
2
3
4 or more
Preoperative ERCP only
Preoperative BDI
IOC
ASA
1 or 2
3 or 4
Timing of cholecystectomy after admission
<48 h
48e96 h
Complication
Change of BI
Deterioration
No change
Improvement
Teaching status
Teaching
BI at admission
BI at discharge
BI improvement
Resource use
Operating room time, min
Postoperative LOS, days
Postoperative TC, US$
Other comparisons were made using the chi-square test.
[ ]: Standard deviation.
ERCP: Endoscopic retrograde pancreaticocholangiography, IQ: Interquartile range, BDI: B
Anesthesiologists, LOS: Length of hospital stay, TC: Total charges.
a Compared by the ManneWhitney test.
b Compared by analysis of variance.
c Compared by Fisher’s exact test.4. Discussion
Using a large Japanese administrative database, we examined
the relationships of cholecystectomy approach and timing with
postoperative LOS, TC, operating room time, complications and
functional changes. This quantitative study using OC propensity
score pair-matching to control the selection bias revealed instruc-
tive ﬁndings that OC was still accompanied by greater resource use
and more complications. The cholecystectomy timing of 48e96 h
for elderly patients was not preferred or abandoned, although it
was likely to be associated with longer postoperative LOS and
operating room time. Functional deterioration was observed inde-
pendently for octogenarians and complications, which were
signiﬁcantly associated with OC. OC and cholecystectomy timing
did not predict functional changes.
Many reports have acknowledged that LC is a relatively safe
procedure for elderly patients, although the deﬁnitions of elderlyLaparoscopic Open P
1742 810
87, 35 81, 33
69 [11] 73 [12] <0.001a
882 (50.6) 285 (35.2) <0.001
676 (38.8) 359 (44.3)
184 (10.6) 166 (20.5)
862 (49.5) 514 (63.5) <0.001
80 (4.6) 125 (15.4) <0.001
1 (0.1) 4 (0.5) 0.038c
49 (2.8) 61 (7.5) <0.001
449 (25.8) 428 (52.8) <0.001
1293 (74.2) 382 (47.2)
333 (19.1) 173 (21.4) <0.001
129 (7.4) 95 (11.7)
34 (2.0) 37 (4.6)
8 (0.5) 11 (1.4)
74 (4.2) 46 (5.7) 0.112
285 (16.4) 213 (26.3) <0.001
33 (1.9) 18 (2.2) 0.582
1702 (97.7) 789 (97.4) 0.648
40 (2.3) 21 (2.6)
710 (40.8) 252 (31.1) <0.001
351 (20.1) 129 (15.9)
150 (8.6) 113 (14.0) 0.001
31 (1.8) 23 (2.8) <0.001
1593 (91.4) 649 (80.1)
118 (6.8) 138 (17.0)
411 (23.6) 162 (20.0) 0.043
93.9 [20.1] 84.9 [31.3] <0.001b
95.6 [17.5] 90.6 [25.3] <0.001b
1.7 [11.2] 5.7 [22.1] <0.001b
164.8 [71.4] 188.9 [69.2] <0.001b
8.2 [5.9] 15.3 [11.9] <0.001b
1792 [2673] 3638 [3566] <0.001b
ile duct intervention. IOC: Intraoperative cholangiography, ASA: American Society of
Table 2
Variables associated with the indications for open cholecystectomy.
Open cholecystectomy
Odds ratio [95% CI]
Age (for 60e69 years)
70e79 years 1.455 [1.194e1.772]
80 - years 2.149 [1.633e2.829]
Gender
male 1.784 [1.480e2.151]
Ambulance
used 2.295 [1.661e3.172]
Severity (for chronic)
acute 2.548 [2.114e3.071]
ASA (for 1 or 2) 3 or 4 0.752 [0.414e1.364]
Charlson comorbidity index (for zero)
1 1.147 [0.914e1.441]
2 1.711 [1.259e2.326]
3 2.166 [1.291e3.632]
4 or more 1.835 [0.690e4.880]
BI at admission 0.993 [0.990e0.997]
Preoperative ERCP only 1.115 [0.742e1.676]
Preoperative BDI 1.173 [0.938e1.468]
Teaching status (for community)
Teaching 0.740 [0.592e0.926]
Hosmer Lemeshow goodness of model ﬁt. 0.084
CI: Conﬁdence interval, BDI: Bile duct intervention, ERCP: Endoscopic retrograde
pancreaticocholangiography, ASA: American Society of Anesthesiologists.
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years.1e10 Most of those studies compared the performances of
cholecystectomy for elderly patients with those for younger
patients and did not examine the variation in the quality of
cholecystectomy care among several age groups of elderly
patients.8e10 With limited sample sizes, Polychronidis et al.8 and
Kirshtein et al.9 compared the surgical outcomes between patients
aged <75 years and 75 years, while Kim et al.10 compared the
surgical outcomes between patients aged 65e79 years and 80
years. Although they each concluded which age group cholecys-
tectomy should be indicated for, they did not compare the func-
tional outcomes or control the relevant covariates.
In this aging generation, surgical innovations such as LC will
surely become increasingly employed for elderly patients with
a lower functional reserve. Furthermore, other values for health- or
care-related outcomes, such as daily functional changes, should be
selected and investigated, with concurrent consideration of the
appropriate initiation of cholecystectomy, since LC was conﬁrmed
to be superior to OC in terms of decreased resource use, mortality
and complications.6e10 In addition, quality improvement initiatives
and the priority of promoting cholecystectomy care for the elderly
will necessitate comparative economic evaluations of the quality of
cholecystectomy care under the restricted healthcare resources. In
the meanwhile, the propensity for LC has often been addressed in
many studies because the patient-mix differs signiﬁcantly among
cholecystectomies.4 It is assumed that ethical problems have pre-
vented randomized control studies from being planned and
executed for the advantage of LC over OC, especially for octoge-
narians. Consequently, the appropriate timing of cholecystectomy
has only been surveyed in community-based studies, and attempts
to overcome these selection biases are a priority.25e27 We created
propensity score pair-matched cohorts for LC and OC, and
employed a mixed regression model. Age was a predictor of func-
tional deterioration but not of complications in our study, although
complications were determined to worsen the functional status
once they occurred. After considering the relevant confounders in
our study, LC was still found to allow elderly patients to achieve
shorter LOS, fewer complications and more functional recovery
than OC. OC, including conversion cases, was recognized to be
associated with more complications, and in turn, was a predictor ofgreater resource use and functional deterioration, consistent with
the ﬁndings of several previous articles.1e5 Although age was not
a limiting factor for performing cholecystectomy because of its
insigniﬁcant effects on complications, advancing age was a signiﬁ-
cant independent predictor of functional deterioration, which adds
further new implicative ﬁndings to previous studies.8e10
In this study, cholecystectomy at 48e96 h was associated with
longer postoperative LOS and operating room time but not with
more functional improvement than earlier or delayed cholecystec-
tomy, which is partially consistent with previous studies.7,18e23 This
intermediate timing may lead to the formation of irritating adhe-
sions around the gallbladder with residual acute inﬂammation,
which would be expected to require a longer operating room time.
Earlier cholecystectomy was also associated with less surgical
stress, without possibly diminishing the respiratory function, and
with decreased resource use, since a relative reduction in medical
expenditure was proven in this study. Therefore, earlier cholecys-
tectomy should be considered for older cholecystitis patients when
other chronic comorbidities permit the indications for earlier
cholecystectomy. However, despite the lack of difference in func-
tional deteriorationafter LC andOC, octogenarianswith less residual
capacity for functional improvement may prefer LC to OC, because
OC was likely to be associated with more complications, which
indirectly determined functional deterioration. The requirements
for greater consideration and efforts to prevent unfortunate
conversion fromLC toOCandpostoperative complications shouldbe
kept in mind, especially for physicians managing octogenarians.33
Some limitations to the methodology of this study should be
mentioned. First, this study was still observational, and the
information was gathered from discharged patients during only
a 4-month annual period in 5 consecutive years from 2004 to
2008, which may limit the ability to generalize our results. In this
study, we selected data for 2552 cholecystectomy patients with
gallbladder inﬂammation across 122 hospitals that consistently
delivered data for the 5 consecutive years. During these 5 years,
a total of 663 hospitals provided OC or LC for 7,731 cholecystitis
patients aged 60 years, but not all of these hospitals joined the
case-mix project during the 5 consecutive study years. The ﬁnd-
ings derived from this study should be interpreted cautiously
because the study dataset included more patients treated in
academic hospitals and with more pre-existing comorbidities
compared with the excluded population (Annex Table 1).
However, the MHLW have gathered all the hospitals participating
in this case-mix project and plan to extend the study period to 12
months from 2010. Their new database will improve the gener-
alizability of the results derived from this kind of study when
applying the same methodology.
Second, there was a shortage of some important clinical data,
including the precise onset time of acute cholecystitis, history of
previous abdominal surgery and conversion from LC to OC. To
predict the onset time as precisely as possible, the same electron-
ically formatted database of outpatient data as this inpatient
database, using all data that have ever been compiled in the
hospitals participating in the case-mix project, will need to be
linked. Although some of the study variables, such as bile duct
interventions or CCI, may be partly proxy to inﬂammation or
comorbid conditions and a propensity score pair-matching analysis
was applied, there was still an imbalance of preoperative bile duct
interventions and Barthel index scores at admission and potential
unmeasured variables that may have affected the study outcomes.
Therefore, the results for the advantages of LC may be over-
estimated and should be interpreted with caution.
Third, the LOS for all hospital admissions in Japan is three to four
times longer than that in hospitals in Western countries.33 One
reason for the longer LOS is that Japanese hospitals generally supply
Table 3
Patient and hospital characteristics according to the cholecystectomy approach after propensity score matching (n, %).
Laparoscopic Open P
Overall 670 670
Hospital number community, academic 76, 23 75, 32
Age Median [IQ] 71 [10] 72 [11] 0.155a
60e69 years 257 (38.4) 255 (38.1) 0.560
70e79 years 313 (46.7) 301 (44.9)
80 - years 100 (14.9) 114 (17)
Sex
Male 411 (61.3) 398 (59.4) 0.468
Ambulance
Used 63 (9.4) 74 (11) 0.321
Destination
not at home 27 (4) 43 (6.4) 0.049
Severity
Acute 333 (49.7) 299 (44.6) 0.063
Charlson comorbidity index
1 124 (18.5) 146 (21.8) 0.099
2 58 (8.7) 77 (11.5)
3 19 (2.8) 25 (3.7)
4 or more 6 (0.9) 6 (0.9)
Preoperative ERCP only 33 (4.9) 41 (6.1) 0.339
Preoperative BDI 177 (26.4) 141 (21) 0.021
IOC 13 (1.9) 13 (1.9) 1.000
ASA
1 or 2 643 (96.0) 658 (98.2) 0.015
3 or 4 27 (4.0) 12 (1.8)
Timing of cholecystectomy after admission
<48 h 203 (30.3) 210 (31.3) 0.916
48e96 h 117 (17.5) 116 (17.3)
Complication 67 (10.0) 97 (14.5) 0.012
Change of BI
Deterioration 14 (2.1) 19 (2.8) 0.009
No change 599 (89.4) 561 (83.7)
Improvement 57 (8.5) 90 (13.4)
Teaching status
Teaching 121 (18.1) 152 (22.7) 0.036
BI at admission 92.2 [21.9] 88.4 [27.7] 0.006b
BI at discharge 94.1 [19.9] 92.4 [23] 0.153b
BI improvement score 1.9 [11.5] 4 [19.7] 0.018b
Resource use
Operating room time, min 171.4 [73.5] 188.5 [68.7] <0.001b
Postoperative LOS, days 8.8 [6.7] 14.5 [10.6] <0.001b
Postoperative TC, US$ 1896 [2225] 3326 [3011] <0.001b
Other comparisons were made using the chi-square test.
[ ]: Standard deviation.
ERCP: Endoscopic retrograde pancreaticocholangiography, IQ: Interquartile range, BDI: Bile duct intervention, IOC: Intraoperative cholangiography, ASA: American Society of
Anesthesiologists, LOS: Length of hospital stay, TC: Total charge.
a Compared by the ManneWhitney test.
b Compared by analysis of variance.
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ﬁscal impact of the longer LOS reﬂected and followed the real and
precise costs or functional changes during each episode of acute
illness in Japan. This longer hospitalization may be a paradoxical
merit of this kind of study and indifferent to the impact or difference
of the cholecystectomy approach or timing.
Fourth, the Japanese administrative database consists of the
discharge summary and claim data, neither of which deﬁnes the
information for conversion. Therefore, an intention-to-treat
analysis is impossible. Wolf et al.14 compared the resource use
and outcomes among cases of OC, LC and conversion to OC.
Although they indicated that the resource use and outcomes of
conversion cases did not differ from those of straightforward OC
cases, our ﬁndings may not be distorted if the conversion rate is
rare.
In conclusion, using an administrative database and propensity
score pair-matching, we quantitatively compared the resource use
and surgical and functional outcomes among patients with chole-
cystitis receiving LC or OC in Japan. Our study demonstrated that LC
was superior to OC because it was associated with decreasedresource use and complications. Earlier cholecystectomy was found
to be associated with lower medical expenditure. Cholecystectomy
timing and approach may not predict the functional recovery. Since
complications and being an octogenarian were independently
associated with functional deterioration, much attention should be
paid to strategies for completing LC as well as preventing compli-
cations in elderly patients.
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Table 4
Variables associated with length of stay, total charges, operating room time and Barthel index improvement.
Postoperative LOS Postoperative TC Operating room time BI improvement
Estimation 95% CI Estimation 95% CI Estimation 95% CI Estimation 95% CI
Intercept 9.3 [7e11.6] 2937 [2238 e3636] 152.6 [133.1e172.1] 37.8 [34e41.6]
Age (for 60e69 years)
70e79 years 1.5 [0.6e2.5] 430 [130e730] 3.0 [4.8e10.7] 1.2 [2.8e0.3]
80 - years 2.3 [0.9e3.7] 598 [177e1018] 3.9 [14.8e7.0] 5.3 [7.5 to 3.1]
Male 0.1 [1.0e0.9] 122 [163e408] 2.9 [4.5e10.3] 1.5 [0.0e3.0]
Ambulance 1.3 [0.3e2.8] 406 [57e869] 8.6 [3.5e20.7] 2.2 [0.2e4.7]
Severity (for chronic)
Acute 0.3 [1.3e0.6] 200 [490e90] 6.6 [14.5e1.4] 0.4 [2.0e1.2]
Charlson comorbidity index (for zero)
1 0.4 [1.6e0.8] 182 [534e169] 4.4 [13.6e4.8] 0.1 [2.0e1.7]
2 0.6 [0.9e2.2] 425 [44e893] 2.5 [14.7e9.8] 0.0 [2.5e2.5]
3 1.1 [1.5e3.7] 445 [333e1224] 11.0 [31.1e9.2] 2.3 [1.8e6.4]
4 or more 8.2 [3.4e13.0] 2070 [622e3518] 29.2 [8.1e66.5] 0.1 [7.5e7.7]
ASA (for 1 or 2) 3 or 4 3.3 [0.5e6.0] 1201 [372e2030] 13.4 [35.3e8.5] 0.7 [3.7e5.1]
BI at admission 0.042 [-0.062 to 0.023] 16 [21 to 10] 0.053 [0.102e0.208] 0.368 [0.399 to
0.337]
Preoperative ERCP only 0.5 [1.6e2.5] 80 [531e691] 12.9 [3.2e28.9] 2.1 [1.1e5.3]
Preoperative BDI 0.5 [0.7e1.8] 44 [324e412] 5.4 [15.1e4.2] 2.2 [0.3e4.2]
Approach (for laparoscopic cholecystectomy)
Open
cholecystectomy
5.5 [4.6e6.5] 1350 [1064 e1636] 19.7 [11.8e27.5] 0.7 [0.8e2.3]
IOC 2.1 [5.4e1.3] 722 [1724 e280] 23.7 [3.4e50.9] 3.6 [1.8e9.0]
Complication 4.8 [3.4e6.2] 1229 [806 e1651] *** 2.1 [-4.4e0.1]
Timing of cholecystectomy (for >96 h)
< 48 h 0.7 [2.1e0.7] 453 [869 to 36] 4.5 [6.4e15.5] 2.8 [5.0 to 0.6]
48e96 h 1.4 [0.2e2.6] 156 [-517 e206] 17.8 [8.0e27.5] 2.7 [4.6 to 0.8]
Teaching status
(for community)
Teaching 0.1 [1.2e1.5] 159 [231 e549] 29.8 [14.2e45.3] 1.4 [3.9e1.2]
Akaike information criteria 9538 24838 15082 10781
*** Not included in the regression model.
CI: Conﬁdence interval. LOS: Length of hospital stay, TC: Total charges, ASA: American Society of Anesthesiologists, BI: Barthel index, BDI: Bile duct intervention, ERCP:
Endoscopic retrograde pancreaticocholangiography, IOC: Intraoperative cholangiography.
Table 5
Variables associated with complications and Barthel index deterioration.
Complication BI deterioration
Odds ratio [95% CI] Odds ratio [95% CI]
Age (for 60e69 years)
70e79 years 0.993 [0.686e1.436] 2.747 [0.748e10.089]
80 - years 1.064 [0.643e1.760] 14.568 [4.075e52.078]
Gender
Male 1.249 [0.875e1.783] 0.884 [0.404e1.939]
Ambulance
used 1.018 [0.590e1.757] 1.694 [0.578e4.967]
Severity (for no inﬂammation)
Acute 1.688 [1.202e2.371] 1.120 [0.533e2.355]
Chronic
Charlson comorbidity index (for zero)
1 1.215 [0.802e1.839] 0.867 [0.335e2.244]
2 1.170 [0.666e2.056] 1.324 [0.441e3.972]
3 1.189 [0.476e2.966] ***
4 or more 3.303 [0.947e11.512] 6.291 [1.075e36.818]
ASA (for 1 or 2) 3 or 4 0.688 [0.205e2.315] 2.586 [0.510e13.121]
BI at admission 0.996 [0.990e1.003] 0.998 [0.986e1.011]
Preoperative ERCP only 1.265 [0.632e2.529] 0.460 [0.057e3.716]
Preoperative BDI 0.897 [0.568e1.418] 0.670 [0.248e1.811]
Approach Open cholecystectomy 1.504 [1.072e2.110] 1.221 [0.582e2.563]
IOC 1.065 [0.309e3.663] ***
Complication *** 4.401 [1.999e9.689]
Timing of cholecystectomy (for >96 h)
<48 h 1.243 [0.811e1.906] 0.470 [0.168e1.317]
48e96 h 1.103 [0.664e1.832] 1.231 [0.452e3.350]
Teaching status (for community)
Academic 1.098 [0.733e1.643] 0.537 [0.174e1.657]
Hosmer Lemeshow goodness of model ﬁt. 0.054 0.229
*** Not included in the regression model.
CI: Conﬁdence interval, ASA: American Society of Anesthesiologists, BI: Barthel index, ERCP: Endoscopic retrograde pancreaticocholangiography, BDI: Bile duct intervention,
IOC: Intraoperative cholangiography.
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Patient and hospital characteristics for all the study hospitals (n, %).
Exclusion Inclusion P
Patient number 5179 2552
Hospital number 541 122
Age Median [IQ] 71 [12] 70 [11] 0.012a
60e69 years 2267 (43.8) 1167 (45.7) 0.087
70e79 years 2113 (40.8) 1035 (40.6)
80eyears 799 (15.4) 350 (13.7)
Sex
Male 2854 (55.1) 1376 (53.9) 0.323
Ambulance
Used 446 (8.6) 205 (8) 0.389
Outcome
Mortality 2 (0) 5 (0.2) 0.043c
Destination
Not at home 234 (4.5) 110 (4.3) 0.677
Severity
Acute 1890 (36.5) 877 (34.4) 0.066
Chronic or others 3289 (63.5) 1675 (65.6)
Charlson comorbidity index
1 866 (16.7) 506 (19.8) <0.001
2 382 (7.4) 224 (8.8)
3 98 (1.9) 71 (2.8)
4 or more 27 (0.5) 19 (0.7)
Preoperative ERCP only 283 (5.5) 120 (4.7) 0.156
Preoperative BDI 998 (19.3) 498 (19.5) 0.798
IOC 146 (2.8) 51 (2) 0.001
ASA
1 or 2 5078 (98) 2491 (97.6) 0.204
3 or 4 101 (2) 61 (2.4)
Approach
Laparoscopic 3775 (72.9) 1742 (68.3) <0.001
Timing of cholecystectomy after admission
<48 h 1806 (34.9) 962 (37.7) 0.002
48e96 h 903 (17.4) 480 (18.8)
Complication 365 (7) 263 (10.3) <0.001
Change of BI
Deterioration 136 (2.6) 54 (2.1) 0.001
No change 4387 (84.7) 2242 (87.9)
Improvement 656 (12.7) 256 (10)
Teaching status
Teaching 195 (3.8) 573 (22.5) <0.001
BI at admission 91.4 [23.2] 91 [24.6] 0.491b
BI at discharge 94.9 [18.4] 94 [20.4] 0.039b
BI improvement 3.5 [15.2] 3 [15.6] 0.130b
Resource use
Operating room time, min 158.6 [67.1] 172.5 [71.6] <0.001b
Postoperative LOS, days 9.7 [9.0] 9.5 [8.9] 0.301b
Postoperative TC, US$ 2458.7 [2827.7] 2470.5 [3234.9] 0.869b
Other comparisons were made using the chi-square test.
[ ]: Standard deviation.
IQ: Interquartile range, ERCP: Endoscopic retrograde pancreaticocholangiography, BDI: Bile duct intervention, IOC: Intraoperative cholangiography. ASA: American Society of
Anesthesiologists, LOS: Length of hospital stay. TC: Total charges.
a Compared by the ManneWhitney test.
b Compared by analysis of variance.
c Compared by Fisher’s exact test.References
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